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Item # - 
07-2-1: Public Hearing to  Consider the Proposed Amendments t o  the Regulations for the State 

Ambient Air Quality Standard for Nitrogen Dioxide 

ARB staff is proposing amendments to the State ambient air quality standard for nitrogen dioxide. The 
proposed amendments, which establish levels of ambient nitrogen dioxide considered safe, are based 
on a joint ARB/OEHHA review of the scientific literature. The staff report and the recommendations it 
contains were peer-reviewed and approved by the Air Quality Advisory Committee. Staff is proposing 
a lowering of the current I-hour average nitrogen dioxide standard of 0.25 ppm to 0.18 ppm, and 
establishment of a new annual average standard of 0.030 ppm. Both standards are not to be 
exceeded. 

07-2-2: Report to the Board on the Status Report on the Fuel Program 

Staff will update the Board on the implementation of the ultra low sulfur diesel fuel regulation and 
potential amendments to the California reformulated gasoline program. 

CLOSED SESSION - LITIGATION 

The Board will hold a closed session as authorized by Government Code section 11 126(e) to confer 
with, and receive advice from, its legal counsel regarding the following pending litigation: 

Central Valley Chrysler-Jeep, Inc. et al. v. Witherspoon, U.S. District Court (E.D. Cal. - Fresno), 
No. CIV-F-04-6663 REC LJO. 

Fresno Dodge, Inc. et. al. v. California Air Resources Board and Witherspoon, Superior Court of 
California (Fresno County), Case No. 04CE CG03498. 

General Motors Corp. et. al, v. California Air Resources Board and Witherspoon, Superior Court of 
California (Fresno County), No. 05CE CG02787. 

Massachusetts v. U.S. EPA, 415 F. 34 50 (D.C. Circ. 2005), Certiorari granted, 126 S. Ct. 2960 
(June 26, 2006.) 

OPPORTUNITY FOR MEMBERS OF THE BOARD TO COMMENT ON MATTERS OF INTEREST. 

Board members may identify matters they would like to have noticed for consideration at future meetings and 
comment on topics of interest; no formal action on these topics will be taken without further notice. 

OPEN SESSION TO PROVIDE AN OPPORTUNITY FOR MEMBERS OF THE PUBLIC TO ADDRESS THE 
BOARD ON SUBJECT MATTERS WITHIN THE JURISDICTION OF THE BOARD. 

Although no formal Board action may be taken, the Board is allowing an opportunity to interested members of the 
public to address the Board on items of interest that are within the Board's jurisdiction, but that do not specifically 
appear on the agenda. Each person will be allowed a maximum of three minutes to ensure that everyone has a 
chance to speak. 
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TO SUBMIT WRITTEN COMMENTS ON AN AGENDA ITEM IN ADVANCE OF THE MEETING GO TO: 
http:llwww.arb.ca.aov/lispub/commlbclist.~h~ 

IF YOU HAVE ANY QUESTIONS, (916) 322-5594 
PLEASECONTACTTHECLERKOFTHEBOARD FAX: (916) 322-3928 
1001 1 Street, 23rd Floor, Sacramento, CA 95814 ARB ~omepage: www arb ca eov 

To request special accommodation or language needs, please contact the following: 

For individuals with sensory disabilities, this document is available in  Braille, large print, 
audiocassette or computer disk. Please contact ARB'S Disability Coordinator at 916-323-4916 
by voice or through the California Relay Services at 711, to  place your request for disability 
services. 

If you are a person with limited English and would like to request interpreter services to be 
available at the Board meeting, please contact ARB'S Bilingual Manager at 916-323-7053. 

THE AGENDA ITEMS LISTED ABOVE MAY BE CONSIDERED IN A DIFFERENT ORDER AT THE BOARD 
MEETING. 

SMOKING IS NOT PERMITTED AT MEETINGS OF THE CALIFORNIA AIR RESOURCES BOARD 
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TITLE 17. CALIFORNIA AIR RESOURCES BOARD 

NOTICE OF PUBLIC HEARING TO CONSIDER AMENDMENTS-TO REGULATIONS 
FOR THE STATE AMBIENT AIR QUALITY STANDARD FOR NITROGEN DIOXIDE 

The Air Resources Board (the Board or ARB) will conduct a public hearing at the time and 
place noted below to consider amending its regulations for the state ambient air quality 
standard for nitrogen dioxide (N02). The current ambient air quality standard for NO2 is 
0.25 parts per million (ppm) averaged over 1 hour. Staff is proposing an NO2 standard of 
0.1 8 ppm averaged over 1 hour; a new annual average NO2 standard of 0.030 ppm, not to 
be exceeded; and minor updates to the California Approved Samplers for NO2. 

DATE: February 22,2007 

TIME: 9:00 a.m. 

PLACE: California Environmental Protection Agency 
Byron Sher Auditorium, Second Floor 
1001 1 Street 
Sacramento, California 95814 

This item will be considered at a two-day meeting of the Board, which will commence at 
9:00 a.m., February 22, 2007, and may continue at 8:30 a.m., February 23, 2007. This 
item may not be considered until February 23, 2007. Please consult the agenda for the 
meeting, which will be available at least 10 days before February 22, 2007, to determine 
the day on which this item will be considered. 

For individuals with sensory disabilities, this document is available in Braille, large print, 
audiocassette, or computer disk. Please contact ARB's Disability Coordinator at 
(916) 323-491 6 by voice or through the California Relay Services at 71 1, to place your 
request for disability services. If you are a person with limited English and would like to 
request interpreter services, please contact ARB's Bilingual Manager at (916) 323-7053 

INFORMATIVE DIGEST OF PROPOSED ACTION AND POLICY STATEMENT 
OVERVIEW 

Sections Affected: Proposed amendments to title 17, California Code of Regulations 
(CCR), sections 70100.1 and 70200, and document incorporated by reference: "Air 
Monitoring Quality Assurance Manual, Volume IV: Monitoring Methods for the State 
Ambient Air Quality Standards." 

Backqround: Section 39606(a)(2) of the Health and Safety Code requires the ARB to 
adopt ambient air quality standards in consideration of the public health, safety, and 
welfare, including but not limited to health, illness, irritation to the senses, aesthetic value, 
visibilitv interference and the effects of air pollution on the economy. Ambient air quality - ,  
standards, as defined in section 39014 of the Health and Safety code, reflect the 



relationship between the composition and intensity of air pollution to undesirable effects, 
and essentially define clean air. Ambient standards relating to health effects, including the 
NO7 standard. are to be based uDon the recommendations of the Office of Environmental 
~ e & h  ~ a z a r d  Assessment (OEHHA). Existing section 70100.1 references California 
approved methods, samplers, and instruments for measuring and determining compliance 
with the standards; existing section 70200 sets forth the Table of Standards. The 
proposed amendments would modify the parts of those sections pertaining to NO2. 

Section 39606(d) of the Health and Safety Code (Children's Environmental Health 
Protection Act (SB25, Escutia; Stats. 1999, ch. 731, sec. 53)) required the ARB, in 
consultation with the OEHHA, to review all California health-based ambient air quality 
standards to determine if they are adequate to protect public health, including the health of 
infants and children. At its December 7,2000 meeting, the Board approved a report, 
"Adequacy of California Ambient Air Quality Standards: Children's Environmental Health 
Protection Act" (Adequacy Report), prepared by ARB and OEHHA staffs, which concluded 
that health effects may occur in infants and children and other potentially susceptible 
subgroups exposed to several criteria air pollutants at or near levels corresponding to the 
current standards. "Criteria air pollutants" are defined as air pollutants for which 
acceptable levels of exposure can be determined and for which ambient air quality 
standards have been set. The Adequacy Report identified the standard for NO2 as having 
a high priority for further detailed review and possible revision. The current ambient air 
quality standard for NO2 is 0.25 ppm, averaged over 1 hour. 

In response to the Adequacy Report's findings and the Board's direction, ARB and 
OEHHA staffs began an exhaustive review and evaluation of the scientific literature 
regarding the impacts of NO2 air pollution on public health. The body of evidence 
demonstrated significant associations between health effects and NO2 at the level of the 
current standard. The health effects from exposure near 0.25 ppm NO2 for one hour can 
be significant to asthmatics, including increased airway reactivity, and enhanced airway 
inflammatory response after allergen challenge. The health effects from exposure to an 
annual average of 0.03 ppm NO2 can also be significant, including premature mortality, 
emergency room visits for asthma in children, and hospitalization for respiratory and 
cardiovascular disease. Furthermore, epidemiological studies have shown that long-term 
exposures to NO2 at such levels may lead to changes in lung function growth in children, 
symptoms in asthmatic children, and pre-term birth. In addition, infants and children have 
disproportionately higher exposure to NO2 than adults due to their greater ventilation rate 
and greater exposure duration, and children may be more susceptible to the potential 
effects of NO2 on the developing lung. 

Section 39606(d)(2) of the Health and Safety Code requires that ambient air quality 
standards be "established at levels that adequately protect the health of the public, 
including infants and children, with an adequate margin of safety." The staff review of the 
literature determined that there are compelling reasons to be concerned about significant 
adverse health effects associated with NO2 exposure; that the one-hour standard is not 
sufficiently protective; and that a multi-hour standard is also needed. Further, aligning the 



state's NO2 measurement methods with federal methods would allow the same NO2 
measurement data to be acceptable to both state and federal air quality agencies. 

Two companion documents - a draft Staff Report containing staffs preliminary findings, 
and a draft Technical Support Document - were released to the public on April 14, 2006, 
titled "Review of California Ambient Air Quality Standard for Nitrogen Dioxide." The draft 
Staff Report, including staff recommendations for establishing a new annual average 
standard for N02, underwent scientific peer review by the Air Quality Advisory Committee 
(AQAC), an external peer review committee established in accordance with section 57004 
of the Health and Safety Code and appointed by the President of the University of 
California. The AQAC held a public meeting on June 12-13, 2006, discussed their review 
of the draft Staff Report and the draft recommendations, and provided comments for 
improving the draft Staff Report to the ARB staff. Final AQAC findings were sent on 
December 5,2006. The Staff Report was revised in response to comments received from 
the AQAC and the public. The final Staff Report (Initial Statement of Reasons for the 
proposed regulatory action), which is being released on January 5, 2007, includes the 
following staff proposal for revising the state ambient air quality standard for NO2. 

Staff Proposal: Based on a review of the scientific evidence on NO2 health effects and 
the recommendations of OEHHA, ARB staff proposes the following revisions be made to 
the California ambient air quality standard for N02: 

1. NO2 continues to be the pollutant addressed by the standard. 
2. NO2 I-hour-average standard - lower the I-hour-average standard for NO2 from 

0.25 ppm to 0.1 8 ppm, not to be exceeded. 
3. NO2 annual average standard - establish a new annual average standard for NO2 at 

0.030 ppm, not to be exceeded. Three decimal places are included in order to ensure 
that the standard will provide an adequate margin of safety. 

4. Monitoring method - retain the current monitoring method for N02, which uses the 
chemiluminescence method for determining compliance with the state ambient air 
quality standard for N02. 

5. Incorporate by reference (in title 17, CCR, section 70101) all federally approved 
chemiluminescence methods (i.e., samplers) as "California Approved Samplers" for 
NO2. This will result in no change in air monitoring practices, but will align state 
monitoring requirements with federal requirements. 

P ro~osed  Chan~es to Title 17, CCR: To effectuate the above recommendations, ARB 
staff proposes the following revisions to title 17, CCR, sections 70100.1 and 70200: 

I. Amend section 701 00.1 (Methods, Samplers, and Instruments for Measuring 
Pollutants) by adding a new subsection (d), "NO2 Methods." 

2. Amend section 70200 (Table of Standards) by revising the I-hour average ambient air 
quality standard for N02, by adding provisions for an annual average NO2 standard, by 
updating the description of the relevant effects of exposure, and by specifying the use 
of "California Approved Samplers." 



Once ARB revises the ambient air quality standards that specify maximum levels of NO2 
that are consistent with healthy air, a second phase of regulatory activity will occur as ARB 
and the air pollution control and air quality management districts (districts) develop, 
propose, and adopt emission standards and other control measures that will apply to 
specific source categories of N02. The adoption of control measures designed to attain 
the ambient standards is a separate process conducted pursuant to the Health and Safety 
Code in accordance with the ~ub l ic  notice and comment rulemakina orocedures set forth 
in the California ~dministratiie Procedure Act and other laws. ARE is not proposing any 
control requirements at this hearing. 

COMPARABLE FEDERAL REGULATIONS 

Sections 108 and I09 of the federal Clean Air Act (42 USC section 7401 et seq.) govern 
the establishment, review, and revision of national ambient air quality standards (NAAQS). 
Pursuant to these proviSions, the United States Environmental Protection Agency 
(U.S. EPA) promulgated an ambient standard for N02. For an annual arithmetic mean 
exposure period, the standard is 0.053 ppm. The ARB staff does not believe this federal 
standard is sufficiently protective of public health. 

Federal methods for measuring ambient concentrations of specified air pollutants have 
been designated as "reference methods" or "equivalent methods" in accordance with 
Title 40, Part 53, of the Code of Federal Regulations (40 CFR Part 53). and may be found 
at the EPA website: http://www.e~a.aovlttnlamtic/files/ambienffcriteria/ref0706.~df. Staff 
recommends the adoption of these methods for NO2 as the monitoring methods and 
samplers for California. 

Section 39606(d)(2) of the Health and Safety Code specifies that "standards shall be 
established at levels that adequately protect the health of the public, including infants and 
children, with an adequate margin of safety." Because federal standards were not 
established in consideration of this specification, staff proposes that separate state 
standards are needed. 

AVAILABILITY OF DOCUMENTS AND AGENCY CONTACT PERSONS 

The Board's staff has prepared a Staff ReporVlnitial Statement of Reasons (ISOR) for the 
proposed regulatory action, which includes a summary of the economic and environmental 
impacts of the proposal. The report consists of two parts. The "Staff Report: Review of 
the California Ambient Air Quality Standard for Nitrogen Dioxide" includes an overview, 
staff findings, and the proposed regulatory amendments in Appendix A. The 'Technical 
Support Document: Review of the California Ambient Air Quality Standard for Nitrogen 
Dioxide" contains non-health topics, such as chemistry, sources and emissions, 
measurement, exposure, and welfare effects; and health topics, such as controlled human 
exposure studies, epidemiological studies, and toxicological studies. Copies of these 
reports may be accessed on the ARB'S web site listed below, or may be obtained from the 
Public Information Office, Air Resources Board, 1001 1 Street, Visitors and Environmental 



Services Center, 1 st Floor, Sacramento, CA 95814, (916) 322-2990 at least 45 days prior 
to the scheduled hearing February 22, 2007. 

After the public hearing and upon its completion, the Final Statement of Reasons (FSOR) 
will be available and copies may be requested from the agency contact persons in this 
notice, or may be accessed on the ARB'S web site listed below. 

Inquiries concerning the substance of the proposed regulation may be directed to the 
designated agency contact persons, Mr. Richard Bode, Chief, Health and Exposure 
Assessment Branch, (91 6) 323-841 3, or Dr. Linda Smith, Manager, Health and 
Ecosystems Assessment Section, (91 6) 327-8225. 

Further, the agency representatives to whom nonsubstantive inquiries concerning the 
proposed administrative action may be directed are Regulations Coordinators Alexa Malik, 
(916) 322-401 1, and Amy Whiting, (916) 322-6533. The Board has compiled a record for 
this rulemaking action, which includes all the information upon which the proposal is 
based. This material is available for inspection upon request to the contact persons. 

This notice, the ISOR and all subsequent regulatory documents, including the FSOR, 
when comoleted. are available on the ARB Internet site for this rulemakina at 

COSTS TO PUBLIC AGENCIES AND TO BUSINESSES AND PERSONS AFFECTED 

The determinations of the Board's Executive Officer concerning the costs or savings 
necessarily incurred by public agencies and private persons and businesses in reasonable 
compliance with the proposed regulations are presented below. 

Pursuant to Government Code sections 11 346.5(a)(5) and 1 1346.5(a)(6), the Executive 
Officer has determined that the proposed regulatory action will not create costs or savings 
to any state agency or in federal funding to the state, costs or mandate to any local 
agency or school district whether or not reimbursable by the state pursuant to Division 4, 
part 7, title 2 (commencing with section 17500) of the Government Code, or other 
nondiscretionary costs or savings to state or local agencies. 

In developing this regulatory proposal, the ARB staff evaluated the potential economic 
impacts on representative private persons or businesses. The ARB is not aware of any 
cost impacts that a representative private person or business would necessarily incur in 
reasonable compliance with the proposed action. This is because ambient air quality 
standards simply define clean air (see sections 39606 and 39014 of the Health and Safety 
Code). Once ambient standards are adopted by ARB, local air pollution control or air 
quality management districts and the Board develop rules and regulations to control air 
emissions from numerous source categories in order to attain the health-based ambient 
air quality standards. A number of different emission standards and control measures are 
possible, and each will have its own economic or fiscal impact. These impacts must be 
evaluated when each control measure is proposed. Any economic or fiscal impacts 



associated with the imposition of future measures will be considered by the adopting 
regulatory agency in a public forum when specific measures are proposed. 

The Executive Officer has made an initial determination that the proposed regulatory 
action will not have a significant statewide adverse economic impact directly affecting 
businesses, including the ability of California businesses to compete with businesses in 
other states, or on representative private persons. 

In accordance with Government Code section 11346.3, the Executive Officer has 
determined that the proposed regulatory action will not affect the creation or elimination of 
jobs within the State of California, the creation of new businesses or elimination of existing 
businesses within the State of California, or the expansion of businesses currently doing 
business within the State of California. A detailed assessment of the economic impacts of 
the proposed regulatory action can be found in the ISOR. 

The Executive Officer has also determined, pursuant to Title 1, CCR, section 4, that the 
proposed regulatory action will not affect small businesses, for the same reasons that it 
will not result in any cost impacts that a representative private person or business would 
necessarily incur in reasonable compliance with the proposed action. 

Before taking final action on the proposed regulatory action, the Board must determine 
that no reasonable alternative considered by the Board or that has otherwise been 
identified and brought to the attention of the Board would be more effective in carrying out 
the purpose for which the action is proposed or would be as effective and less 
burdensome to affected private persons than the proposed action. 

SUBMITTAL OF COMMENTS 

The public may present comments relating to this matter orally or in writing at the hearing, 
and in writing or by email before the hearing. To be considered by the Board, written 
submissions not physically submitted at the hearing must be received no later than 
12:OO noon, February 21,2007, and addressed to the following: 

Postal mail is to be sent to: 

Clerk of the Board 
Air Resources Board 
1001 1 Street, 23rd Floor 
Sacramento, CA 95814 

Electronic mail is to be sent to: http://www.arb.ca.qov/lispub/comm/bclist.php and 
received at the ARB no later than 12:OO noon, February 21,2007. 

Facsimile transmissions are to be transmitted to the Clerk of the Board at (916) 322-3928 
and received at the ARB no later than 12:00 noon February 21,2007. 



The Board requests but does not require that 30 copies of any written statement be 
submitted and that all written statements be filed at least 10 days prior to the hearing so 
that ARB staff and Board Members have time to fully consider each comment. The Board 
encourages members of the public to bring to the attention of staff in advance of the 
hearing any suggestions for modification of the proposed regulatory action. 

STATUTORY AUTHORITY AND REFERENCES 

This regulatory action is prciposed under that authority granted in sections 39600, 39601, 
39601 (a) and 39606 of the Health and Safety Code. This action is proposed to interpret, 
implement, and make specific Health and Safety Code sections 39014, 39606, 39701, and 
39703(f); and Western Oil and Gas Association v. Air Resources Board (1984) 37 Cal.3d 
502. 

HEARING PROCEDURES 

The public hearing will be conducted in accordance with the California Administrative 
Procedure Act, division 3, title 2, part I ,  chapter 3.5 (commencing with section 11 340) of 
the Government Code. 

Following the public hearing, the Board may adopt the regulatory language as originally 
proposed, or with non-substantial or grammatical modifications. The Board may also 
adopt the proposed regulatory language with other modifications if the text as modified is 
sufficiently related to the originally proposed text that the public was adequately placed on 
notice that the regulatory language as modified could result from the proposed regulatory 
action; in such event the full regulatory text, with the modifications clearly indicated, will be 
made available to the public, for written comment, at least 15 days before it is adopted. 

The public may request a copy of the modified regulatory text from the ARB'S Public 
Information Office, Air Resources Board, 1001 1 Street, Visitors and Environmental 
Services Center, 1st Floor, Sacramento, CA 95814, (916) 322-2990. 
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1 Executive Summary 

The California Health and Safety Code Section 39606 requires the Air Resources Board 
to adopt ambient air quality standards at levels that adequately protect the health of the 
public, including infants and children, with an adequate margin of safety. Ambient air 
quality standards are the legal definition of clean air. In December 2000, as a 
requirement of the Children's Environmental Health Protection Act (Senate Bill 25, 
Escutia, Statutes 1999, Health and Safety Code Section 39606 (d)(l)), the Air 
Resources Board (ARB or Board), approved a report, "Adequacy of California Ambient 
Air Quality Standards" (ARB and OEHHA, 2000) that contained a brief review of all of 
the existing health-based California ambient air quality standards. 

Following this review, the standard for nitrogen dioxide (NO*) was prioritized to undergo 
full review after review of the standards for particulate matter (including sulfates) and 
ozone. Staff from the ARB and the Office of Environmental Health Hazard Assessment 
(OEHHA) has reviewed the scientific literature on public exposure, atmospheric 
chemistry, health effects, and welfare effects of N02. This Staff Report: Initial Statement 
of Reasons (Staff Report) presents the findings of the review and the staff 
recommendations to revise the NO2 standard in order to adequately protect public 
health. The proposed revisions to the ambient air quality standard for NO2 are based on 
the ARB and OEHHA review contained in the Technical Support Document and the 
recommendation of OEHHA, as required by Health and Safety Code Section 
39606(a)(2). 

1.1 Summary of the Staff Findingsllnitial Statement of Reasons 

The complete findings of the review of the NO2 standard are contained in the Technical 
Support Document. Based on the findings of that review, OEHHA submitted a 
recommendation to revise the NO2 standard to adequately protect public health. This 
Staff Report summarizes the results of the staff review presented in the Technical 
Support Document. The Staff Report also describes the formal review process by both 
the public and a scientific peer-review panel, before submitting the final report and staff 
recommendations to the Board. 

1.1.1 Summary of Non-Health Issues 

The Staff Report contains information and discussions of non-health topics to provide a 
context for the health review and the staff recommendations for the State NO2 standard. 

I .  1. I .  I Physics and Chemistry of Nitrogen Dioxide 

NO2 is a pungent gas that, along with fine airborne particulate matter, contributes to the 
reddish-brown haze characteristic of smoggy air in California. NO2 is one of the nitrogen 
oxides (NOx) that is emitted from high-temperature combustion processes, such as 
those from automobiles and power plants. NOx is primarily composed of nitric oxide 
(NO) and NO2. Home heaters and gas stoves used for cooking can also produce 



substantial amounts of NO2 in indoor settings. The NO2 in the atmosphere is derived 
both from direct combustion emissions and from emissions of NO followed by its 
subsequent chemical conversion to N02. Both NO and NO2 are involved in a series of 
chemical reactions in the ambient air that produce additional pollutants such as ozone, 
nitrate aerosols, nitric acid, and other nitrogen-containing compounds that are known to 
be toxic. 

1.1.1.2 Emissions 

Since emissions of NO are generally higher than directly emitted levels of N02, and NO 
is converted to NO2 by a series of photochemical reactions, most emissions are 
primarily measured as NOx (primarily NO and N02). Emissions of NOx vary regionally in 
California. For example, statewide mobile sources account for approximately 81% of 
total NOx emissions. For most NOx categories, higher emissions occur during the day 
than at night, and higher emissions occur on weekdays rather than on weekends. NOx 
emissions from electric utility fuel combustion are higher in summer, while emissions 
from fuel combustion for space heating are higher in winter. As a whole, emissions of 
NOx have been decreasing over the last two decades, and they are expected to have 
an overall decrease in the future. 

Background NOZ is defined as ambient NO2 that results from uncontrollable processes. 
In general, background NO2 levels result from natural. emissions; long-range transport is 
small and unlikely to alter peak concentrations. It is believed that the most significant 
contributors to background NO2 in California are from wildfires, lightning discharges, 
and soil emissions. 

1.1.1.3 Indoor and Microenvironmental Exposures 

Indoor NO2 levels can exceed the current I-hour NO2 standard due to indoor sources 
such as gas stoves and unvented space heaters. There are also potential 
microenvironmental exposures to NO2. For example, on the roadway where numerous 
diesel twcks and buses are driven, measurements of NO2 emissions indicate that 
exposures can be near the current I-hour NO2 standard. Hence, proximity to these 
vehicular sources impacts exposure. 

I. I. 1.4 Concentrations Near Sources (Spatial Concentrations) 

A number of investigators have reported on the concentrations of NO2 in relation to its 
sources. For example, NO2 concentrations and their relationship to the distance and 
location from freeways or roadways have been reported by a number of investigators 
(Singer et al. 2004, Roorda-Knape et al. 1998, Wu et al. 2005, Jerrett et al. 2005). In 
general, NO2 typically decreased with downwind distance from freeways and the upwind 
concentrations were similar to regional levels. Ross et al. (2006) reported on the intra- 
urban distribution of NOz using a land use regression model. Traffic density within 
300 m was the most important predictor of NO2 concentrations, accounting for over 54% 
of the variation. Several investigators have reported that ambient concentrations of NOz 
vary greatly depending on location, with the greatest concentrations measured near 
freeways or roadways. Individuals spending significant time near major roadways or 
other large sources may be exposed to significantly higher concentrations of NOz and 



other pollutants, relative to concentrations measured at background monitors. For 
example, an analysis of roadside concentrations of NOx and NO2 was performed in 
London during 1997-2003 (Carslaw 2005). The author indicated that there has been a 
downward trend in NOx, but a steady or increasing level of NO;! resulting in an increase 
in the NO2 to NOx ratio. He noted that the increased use of diesel particulate filters fitted 
to diesel buses was likely an important contributing factor to this trend. As part of their 
design, diesel particulate filters may catalytically produce excess NO2 when attempting 
to control PM. They therefore emit higher levels of NO2 and have been used in London 
for a number of years. The author also noted that new light- and heavy-duty engine 
technologies and management approaches may also be contributing to this trend. 

1.1.1.5 Ambient Air Quality and Attainment 

NO2 is monitored continuously at more than 100 sites in California. The data for each 
monitoring site are reported as l-hour average concentrations. During the years 2002 
through 2004, the State l-hour standard was not exceeded in any of the air basins with 
the exception of one exceedance in the South Coast Air Basin in 2002. However, for 
designation attainment purposes, the value was considered and an extreme 
concentration event. 

The monitoring method specified by Title 17, California Code of Regulations (CCR), 
Section 70200 is the chemiluminescence method based on the Federal Reference 
Method for the determination of NO2 in the atmosphere (40 CFR, Part 50, Appendix F). 
California Approved Samplers for NO2 are described in the "Air Monitoring Quality 
Assurance Manual, Volume IV, Part D: Monitoring Methods for N02." As with monitoring 
for other criteria pollutants, the federal reference method (FRM) requires that monitors 
be located away from major sources such as power plants and highways so that more 
general population exposures be recorded. 

I. 1.1.6 Welfare Effects 

With few exceptions, no visible injury to vegetation has been reported at concentrations 
below 0.20 ppm, and these occurred when the cumulative exposures extended to 
100 hours or longer. The U.S. EPA concluded from studies with green beans as bio- 
indicators of NOz injury, that foliar injury symptoms were unlikely to occur on even the 
most susceptible plant species at concentrations of NO2 prevalent even in the most 
polluted areas of the U.S. 

With respect to critical loads of nitrogen deposition in California, relatively little is known 
of the effects of N deposition on terrestrial and aquatic ecosystems in the state due to 
its enormous diversity of vegetation and soil types, except for some intensively studied 
sites in southern California. In addition, these sites are exposed to multiple interacting 
abiotic and biotic stress factors, so isolating the adverse effects of specific rates of N 
deposition has not yet been possible. Thus, no specific recommendations for critical 
loads of total N can be made at this time. Based on results from southern California, it is 
suggested that at total N deposition rates of ca. 20 kglhaly or greater, some evidence in 
changes in soil chemistry and spring runoff may be detected. 



For visibility effects, a decrease in the NO2 concentrations could result in an increase in 
visibility in two ways. NO2 contributes to reduction of visibility both directly, by selectively 
absorbing the shorter blue wavelengths of visible light, and indirectly by contributing to 
the formation of nitrate aerosols. Gaseous NO2 turns air a reddish brown color, 
appearing as either a defined plume from an emission source or as a component of 
diffuse haze. The NO2 and fine PM nitrate are two pollutants often found together, and 
are contributors to the hazy-brown sky conditions observed in the South Coast Air 
Basin, the San Joaquin Valley, and elsewhere. By lowering the NO2 concentrations less 
than the current state standard of 0.25 ppm, would result in lowering fine airborne PM 
nitrate. A reduction in airborne fine PM nitrate would improve visibility. 

1.1.2 Health Effects of NO2 

A number of investigators have reported relevant health effects from low-level exposure 
to NO2 in sensitive human populations. Additional supportive evidence is derived from 
studies on animals. 

1.1.2. I Controlled Human Exposure Studies 

Asthmatics appear to be especially sensitive to NO2. Recent controlled human exposure 
studies with asthmatic volunteers have observed that NO2 exposure increases allergen 
responsiveness, with effects observed with short-term (i.e., 15- or 30-minute duration) 
concentrations as low as 0.26 ppm. These studies found that exposures to NO2 
followed by inhaled allergen resulted in decrements in lung function, an increased 
inflammatory response, and/or evidence of activation of eosinophils compared with 
filtered air controls. In addition, there is evidence that for a subset of asthmatics, 
exposures to NO2 at levels near the current ambient air quality standard (i.e., 0.2 to 
0.3 ppm for 30 minutes to 2 hours) may cause increased airway reactivity. Finally, there 
are no clinical effects generally seen in non-asthmatic volunteers below 1 ppm NO2. 

1.1.2.2 Epidemiological Studies 

The strongest epidemiological evidence of an effect of NO2 is observed in the studies of 
respiratory disease, including studies measuring both short- (24 hours or less) and long- 
term (one or more years) exposures. The time-series studies of the association between 
NO2 and both hospital admissions and emergency room visits for asthma are fairly 
consistent and robust. NO2 concentrations (24-hour average) ranged from 
approximately 18 to 36 ppb). In addition, several panel studies of asthmatics showed an 
effect of NO2 on symptoms, medication use, and lung function. Less robust evidence 
suggests associations with mortality, hospitalization for cardiovascular disease, and low 
birth weight. Some issues regarding these associations include: 1) determining the 
relevant exposure concentrations and averaging times, and 2) separating out 
confounding variables such as co-pollutants, seasonality, and weather. Despite these 
issues, a number of studies provide data supporting the need for a long-term average 
standard. The results of the epidemiological studies are consistent with the health 
effects when NOz alone is tested in the controlled chamber studies and in the 
toxicological studies. 



1.1.2.3 Laboratoty Toxicological Studies 

The toxicological studies provide evidence that the developing lung is a target of NO;! 
toxicity. Prolonged, repeated exposures of young animals to NO;! during lung 
development have shown changes in bronchiolarlalveolar structure, including 
proliferation of certain types of epithelial cells and altered cellularity, and thickness in 
the gas exchange area of the lung (e.g., 6 week exposure, 7 hrld, 5 dlwk at 0.25 ppm; 
8-week exposure, 4 hrld, 5 dlwk, at 0.5 ppm). Exposure of animal models to high 
concentrations of NO2 (5 ppm NO2 or greater) have been consistent in producing one or 
more indicators of allergic asthma including enhancement of delayed-type dyspneic 
symptoms, increased serum IgE levels, increased pulmonary eosinophilia and epithelial 
injury, and increased bronchial hyperresponsiveness. In summary, the toxicological 
results provide support for the health effects information reported in clinical and 
epidemiological studies. 

1.2 Setting California Ambient Air Quality Standards 

An ambient air quality standard (AAQS) is the legal definition of clean air. California 
ambient air quality standards are defined in Health and Safety Code Section 39014 and 
in Title 17, California Code of Regulations Section 70101. The AAQS establishes the 
maximum allowable levels of air pollutants that can be present in outdoor air for a given 
averaging time without causing harmful health effects to most people. Health and Safety 
Code Section 39606(b) authorizes the ARB to adopt standards for ambient air quality 
that are developed "in consideration of public health, safety, and welfare, including but 
not limited to health, illness, irritation to the senses, aesthetic value, interference with 
visibility, and the effects on the economy". The California Health and Safety Code 
Section 39606, requires the Air Resources Board to adopt ambient air quality standards 
at levels that adequately protect the health of the public, including infants and children, 
with an adequate margin of safety. The objective of ambient air quality standards is t~ 
provide a basis for preventing or abating adverse health or ecological effects due to air 
pollution (Title 17, California Code of Regulations Section 70101). 

During the review of the State AAQS, a number of important factors are considered and 
evaluated by the ARB and OEHHA. In consultation with ARB, OEHHA provides detailed 
analyses of the available health information for the criteria pollutant. Health-based air 
quality standards are based on the recommendation of OEHHA. The Air Quality 
Advisory Committee (AQAC), a scientific peer review committee appointed by the Office 
of the President of the University of California, convenes at a scheduled public meeting 
to independently evaluate the scientific basis of draft recommendations for revising 
California AAQS. In conducting its review, AQAC specifically considered whether the 
documentation adequately addressed: 

The extent of evidence of effects at or below the existing ambient air quality 
standard. 
The nature and severity of those effects. 
The magnitude of risk when ambient levels are at or near the level of the existing 
standard. 



The available evidence that children may be more susceptible than adults. 
The degree of outdoor exposure relative to the level of the standard. 

The public is involved in the review process through public meetings and workshops 
and may comment on the staff review and findings and recommendations in person at 
workshops, at the AQAC and ARB Board meetings, and using the ARB web page. 

California ambient air quality standards are comprised of four elements: 
(1) a definition of the air pollutant, 
(2) an averaging time (for example, hour or annual average), 
(3) a pollutant concentration (for example, ppm or ug/m3), and 
(4) a monitoring method to determine attainment of the standard. 

To protect the public health and welfare from the adverse effects of N02, the ARB 
previously established a short-term ambient air quality standard for NO2 of 0.25 ppm 
averaged over one hour (I-hour standard). This standard was last formally reviewed in 
1992. The U.S. Environmental Protection Agency (U.S. EPA) established a long-term 
ambient air quality standard for NO2 of 0.053 parts per million (ppm) averaged over one 
year (an annual average). That standard was last reviewed in 1995 and was retained. 

1.3 Staff Recommendations for the NO2 Standard 

Based on the ARBIOEHHA review of the scientific literature and recommendations by 
OEHHA, staff concludes that the current NO2 standard does not adequately protect 
public health. Staff recommends that the following revisions be made to the California 
ambient air quality standard for NO2: 

I. NO2 will continue to be the pollutant addressed by the standard. 

2. NO2 I-hour-average standard - reduce the current I-hour-average standard for NO2 
of 0.25 ppm to 0.18 ppm (180 ppb), not to be exceeded. 

3. NO2 annual-average standard -establish a new annual-average standard for NO2 of 
0.030 ppm (30 ppb), not to be exceeded. 

4. Monitoring method-retain the current monitoring method for NO2 which uses the 
chemiluminescence method for determining compliance with the State ambient air 
quality standard for N02. 

5. Incorporate by reference (17 California Code of Regulations, Section 70101) all 
federally approved methods (i.e., samplers) for NO:! as "California Approved 
Samplers". This will result in no change in air monitoring equipment practices, but 
will align state monitoring requirements with federal requirements. 

These recommendations are based on the following findings: 



1. Enhanced inflammatory response in asthmatics after exposures to 0.26 ppm NO2 
from 15 minute to 30 minutes, followed by an exposure to an airborne allergen. 

2. Increased airway reactivity in asthmatic individuals following exposures to 0.2 to 0.3 
ppm NO2 for 30 minutes to 2 hours. 

3. Since some of these effects were observed after only 30 minute exposures, an 
additional margin of safety is necessary when determining a I-hour standard. 

4. Evidence from time-series epidemiological studies based on 24-hour average NO2 
concentrations indicate increased asthma symptoms and medication use as well as 
emergency room visits and hospitalization for asthma, particularly in children. There 
is also evidence, though not as robust, for premature mortality and hospitalization for 
cardiovascular disease. The annual average NO;! level in these studies is between 
0.023 to 0.037 ppm. 

5. Evidence from epidemiological studies showed that long-term exposures (i.e., one or 
more years) to NO2 may lead to changes in lung function growth in children, 
symptoms in asthmatic children, and preterm birth. The annual average NO2 level in 
these studies was 0.030 to 0.044 ppm. 

6. With respect to infants and children: 

a. Infants and children have disproportionately higher exposure to NO2 than 
adults due to their greater ventilation rate and greater exposure duration. 

b. Children may be more susceptible to the effects of NO2 than the general 
population due to potential effects on the developing lung. 

c. Children with asthma have a higher degree of airway responsiveness 
compared with adult asthmatics. 

1.4 Other Recommendations 

Based on the adverse health effects, staff makes the following recommendations: 

1. The spatial distribution of the air monitoring sites for NO2 should be re-evaluated to 
determine if they adequately characterize exposures to N02, especially for infants, 
children, asthmatics, and individuals living near high volume roadways. Based on 
the results of this review, staff should evaluate and recommend the locations of 
monitoring sites to adequately determine Californian's exposures to NO2. 

2. Based on the review of the health evidence, additional areas of research have been 
identified which may be useful in reducing important uncertainties. These areas 
include: (1) clinical studies on the effects of NO2 on sensitive subpopulations using 
other exposure concentrations and durations, biomarkers and outcomes, as less 
invasive techniques are developed. Also, other potentially susceptible subgroups 
can be examined including individuals with pre-existing cardiovascular or chronic 



respiratory diseases and more severe asthmatics. Finally, an examination of the 
environment-gene interactions may be productive in identifying subgroups at risk; (2) 
toxicologic studies on the developing lung; (3) epidemiologic studies that attempt to 
separate out the effects of NO2 from other pollutants, and studies that examine both 
personal and ambient exposure to NO2. In addition, it would be useful to examlne (in 
either epidemiologic, toxicologic, or clinical settings) the role of NO2 in modifying the 
effects of ambient exposures to particulate matter and other pollutants Finally, 
epidemiologic studies involving vulnerable pediatric populations (i.e., infants born 
prematurely or infants and children with chronic lung conditions) would be useful. 

3. The standards should be revisited within five years, in order to re-evaluate the 
evidence regarding the health effects associated with NO:! exposure. 

4. In any air basin in California that currently attains the ambient air quality standard for 
NO2, air quality should not be degraded from present levels. 

1.5 Public and Peer Review of the Staff Recommendations 

The draft version of this Staff Report was released to the public on April 14, 2006 and 
presented for review and comment at public workshops on May 8 and 11, 2006 in 
Sacramento and Los Angeles, respectively. 

The draft Staff Report was reviewed by the Air Quality Advisory Committee (AQAC), a 
scientific peer review committee, appointed by the University of California, Office of the 
President. The AQAC independently evaluates the scientific basis of staff findings and 
recommendations in the draft Staff Report for revising the California ambient air quality 
standard for NO2. The AQAC ensures that the scientific basis of the recommendations 
for the NO2 standard is based on sound scientific knowledge, methods, and practices. 
The AQAC held a public meeting June 12-13, 2006 to discuss its review of the draft 
Staff Report, comments submitted by the public, and staff responses to those 
comments. The AQAC concluded that the report was well written and researched, and 
that the proposed revision to the State NO2 standard was adequately supported. The 
AQAC findings, public comments, and staff responses can be found in Appendices C 
and D of the Technical Report Document. Staff revised the draft Staff Report based on 
comments received from the AQAC and the public. 

1.6 Environmental and Economic Impacts 

The proposed ambient air quality standards will in and of themselves have no 
environmental or economic impacts. Standards simply define clean air. Once adopted, 
local air pollution control or air quality management districts are responsible for the 
adoption of rules and regulations to control emissions from stationary sources to assure 
their achievement and maintenance. The ARB is responsible for adoption of emission 
standards for mobile sources and consumer products. A number of different 
implementation measures are possible, and each could have its own environmental or 
economic impact. These impacts must be evaluated when the control measure is 
proposed. Any environmental or economic impacts associated with the imposition of 
future measures will be considered if and when specific measures are proposed. 



1.7 Environmental Justice Considerations 

State law defines environmental justice as the fair treatment of people of all races, 
cultures, and incomes with respect to the development, adoption, implementation, and 
enforcement of environmental laws, regulations, and policies. The available literature 
suggests there appears to be no special vulnerability related to race, ethnicity, or 
income level, although there may be higher exposures. For example, the concentrations 
of NO2 near roadways tend to be higher than those measured regionally, and some 
investigators have reported that higher percentages of minorities and people with lower 
income live near busy roadways (Green et al. 2004, Gunier et al. 2003). 

1.8 Comment Period and Board Hearing 

Release of this Staff Report opens the official 45-day public comment period required by 
the Administrative Procedures Act prior to the public meeting of the Air Resources 
Board to consider the staff's recommendations. Please direct all comments to either the 
following postal or electronic mail address: 

Clerk of the Board 
Air Resources Board 
1001 "I" Street, 23rd Floor 
Sacramento, California 95814 

To be considered by the Board, written submissions not physically submitted at the 
hearing must be received at the ARB no later than 12:OO noon, February 21, 2007. 
Public workshops will be scheduled for January 2007 to present the final staff 
recommendations and receive public input on the Staff Report. Information on these 
workshops, as well as summaries of the presentations from past workshops and 
meetings are available by calling (916) 445-0753 or at the following ARB website: 
http:llwww.arb.ca.nov/researchlaaqslno2-rslno2-rs. htm 

An oral report summarizing the staff recommendations for revising the NOz standard will 
be presented to the Board at a public hearing scheduled for February 22,2007. 

The staff recommends that the Board adopt the proposed amendments to the ambient 
air quality standard for NO2 as stated above. The proposed amendments and their basis 
are described in detail in this Staff Report and Technical Support Document, which 
contains the findings of ARB and OEHHA staff's full review of the public health, 
scientific literature, and exposure pattern data for NO2 in California. The full staff review 
contained in the Technical Support Document is divided into chapters on non-health 
topics, including chemistry of NO2 formation and deposition, NO2 precursor sources and 
emissions, NO2 exposure, and background levels, measurement methods, and welfare 
effects of NO2 exposure. The Technical Support Document also contains a summary of 
the health effects of NO2 and an in-depth discussion of the basis for the staff 
recommendation. 





2 Background and Overview 

2.1 Setting Ambient Air Quality Standards 
An ambient air quality standard (AAQS) is the legal definition of clean air. California 
ambient air quality standards are defined in Health and Safety Code Section 39014 and 
in Title 17, California Code of Regulations Section 70101. Four elements are listed for 
this definition: 

1) A definition of the air pollutant, 2) an averaging time, 3) a pollutant concentration, and 
4) a monitoring method to determine attainment of the standard. 

The AAQS establishes the maximum allowable levels of air pollutants that can be 
present in outdoor air for a given averaging time without causing harmful health effects 
to most people. Health and Safety Code Section 39606(b) authorizes the ARB to adopt 
standards for ambient air quality that are developed "in consideration of public health, 
safety, and welfare, including but not limited to health, illness, irritation to the senses, 
aesthetic value, interference with visibility, and the effects on the economy". The 
objective of ambient air quality standards is to provide a basis for preventing or abating 
adverse health or ecological effects due to air pollution (Title 17, California Code of 
Regulations Section 701 01). 

During the review of the State AAQS, a number of important factors are considered and 
evaluated by ARB, OEHHA, the Air Quality Advisory Committee (AQAC), and the 
public. In consultation with ARB, OEHHA provides detailed analyses of the available 
health information for each criteria pollutant. Health-based air quality standards are 
based on the recommendation of OEHHA. The AQAC, a scientific peer review 
committee appointed by the Office of the President of the University of California, 
convenes at a scheduled public meeting to independently evaluate the scientific basis of 
draft recommendations for revising the California AAQS. The public is involved in the 
review process through public meetings and workshops and may comment on the staff 
review and findings and recommendations in person at workshops, at the AQAC and 
ARB Board meetings, and using the ARB web page. 

2.1 .I Children's Environmental Health 

California Health and Safety Code Section 39606 requires the Air Resources Board to 
adopt ambient air quality standards at levels that adequately protect the health of the 
public, including infants and children, with an adequate margin of safety. In December 
2000, as a requirement of the Children's Environmental Health Protection Act (Senate 
Bill 25, Escutia, Stats. 1999, Health and Safety Code Section 39606 (d)(l)), the ARB 
approved a report, "Adequacy of California Ambient Air Quality Standards" (ARB and 
OEHHA, 2000), that contained a brief review of all of the existing health-based 
California ambient air quality standards. The report identified NO2 as one of the highest 
priorities for further detailed review, after PMIO and ozone, which were reviewed in 
2002 and 2005, respectively. An important underlying premise of the AAQS evaluation 
process is that sensitive sub-populations, such as children, are to be protected from 



adverse health effects. As a part of developing an AAQS, a margin of safety is added to 
account for possible deficiencies in the health data and measuring methodology. 

2.1.2 Current California One-Hour NO2 Standard 

The current California AAQS for NO2 is 0.25 ppm averaged over one-hour, not to be 
exceeded and was set in 1992. The most relevant health and welfare effects from NO2 
exposure identified in the 1992 review are: "a potential to aggravate chronic respiratory 
disease and respiratory symptoms in sensitive groups." Further, there is risk to public 
health implied by pulmonary and extra-pulmonary biochemical and cellular changes and 
pulmonary structural changes, which are observed in short-term animal tests at or 
above the concentration of the standard. The welfare effect cited is contribution to 
atmospheric discoloration by N02, as initially adopted in 1966 and reviewed in 1992. 
(Title 17, California Code of Regulations Section 70200). 

2.1.3 Current National Long-Term Annual Average NO2 Standard 

The current national ambient air quality standard for N02, initially adopted in 1971 and 
last reviewed in 1995, is an annual standard of 0.053 ppm (100 pglm3) calculated as the 
arithmetic mean of the I-hour NO2 concentrations. The value is based, in part, on 
epidemiological studies conducted by Shy et al. (1970 a,b), who reported decreases in 
lung function (FEV,) for children (ages 7 to 8) living in areas with relatively high (greater 
than 0.06 pprn) annual average NO2 levels. However, follow-up studies by the same 
investigators (Shy et al. 1973, 1978; Pearlman et al. 1971) did not confirm these 
findings. Emphasis was subsequently placed on animal exposure studies using 
relatively high concentrations of NO2. Investigators reported damage to host defense 
mechanisms, as well as emphysematous-like lesions in the lungs. lnvestigators have 
also reported that NO2 exposure caused an increase in the animal's susce~tibilitv to 
infection resulting from immune system effects (U.S. EPA 1995). The U.S. EPA 
indicated that "based on the data available in 1985, retaining the annual NAAQS of 
0.053 pprn was seen as a means of providing protection from long-term health effects 
and some measure of protection against possible short-term health effects (50 FR 
25541, June 19, 1985). In 1995, the U.S. EPA again reviewed the NO2 standard. The 
staff paper cited evidence for small changes in pulmonary function in asthmatics 
exposed to NO2 between 0.2 and 0.5 pprn and increased airway responsiveness to 
asthmatics at rest within the range of 0.2-0.3 ppm. A meta-analysis of studies in children 
living in homes with gas stoves provided support for increased risk for developing 
respiratory disease, but it was difficult to use these studies to establish a quantitative 
relationship between estimated exposure and symptoms for use in determining a 
standard. Thus, an annual average standard of 0.053 pprn was retained during the last 
review. 

2.1.4 World Health Organization (WHO) Guidelines 

The World Health Organization (WHO) has published Air Quality Guidelines for Europe 
(WHO 2000a,b, 2003, 2006) which are not ambient air quality standards, but are "the 
basis for protecting public health from adverse effects of air pollutants, eliminating or 
reducing exposure to hazardous air pollutants, and to guide national and local 



authorities in their risk management decisions" (WHO 2000a,b). The WHO guidelines 
include both toxic air pollutants (such as benzene, for example) and criteria pollutants 
such as N02. 

Based on the review of the literature, the WHO indicated that the lowest observable 
acute effect level for NO2 was near 0.2 to 0.3 ppm based on clinical studies showing 
increased airway responsiveness in asthmatics. However, it was difficult to determine 
"...a clearly defined concentration-response relationship for NO2 exposure ..." (WHO 
2000 a,b). The WHO also indicated that it would propose a 50% margin of safety 
because of additional evidence of possible effects below 0.2 ppm. These include a 
statistically significant increase in response to a bronchoconstrictor (increased airway 
responsiveness) with exposure to 190 vg/m3 (0.1 ppm) in one study (Orehek et al. 
1976) and a pooled analysis suggesting changes in airway responsiveness in 
asthmatics below 365 pglm3 (0.2 ppm). On the basis of these human clinical data, the 
WHO (2000a.b) proposed a I-hour guideline of 200 pg/m3 (0.106 ppm). 

For long-term chronic exposure, the WHO reported that "although there is no particular 
study or set of studies that clearly support selection of a specific numerical value for an 
annual average guideline, the database nevertheless indicates a need to protect the 
public from chronic NO2 exposure." Epidemiological studies of exposures to NO2 from 
indoor sources suggested increased risk of lower respiratory illness in children, but the 
exposures could not be readily extrapolated to the outdoor situation. The WHO 2000 
report stated, "Outdoor epidemiological studies have found qualitative evidence of 
ambient exposures being associated with increased respiratory symptoms and lung 
function decreases in children (annual average concentrations of 50-75 pglm3 (0.026- 
0.040 ppm or higher))." Further, the WHO indicated that these results were consistent 
with findings from indoor studies, although they do not provide clear exposure-response 
information for NO2. In these epidemiological studies, NO2 has appeared to be a good 
indicator of the pollutant mixture. Furthermore, animal toxicological studies show that 
prolonged exposures to NO2 can cause decreases in lung host defenses and changes 
in lung structure. The WHO recommended an annual value of 40 pglm3 (21 ppb) (WHO 
1997, 2000), but acknowledged that there were difficulties in ascribing the observed 
effects solely to NO2 because of other pollutants in the ambient air that were correlated 
with NO2. The WHO recently published an update of its guidelines (WHO 2006a) and 
reaffirmed the WHO 2000 guideline values of 40 pglm3 (21 ppb) for annual mean and 
200 pglm3 (0.106 ppm) for I-hour mean. 

2.1.5 Monitoring Method for Current Standard 

The California ambient air quality standard for NO2 (Title 17, California Code of 
Regulations Section 70200) stipulates that gas phase chemiluminescence is the 
method to be used to measure N02. The standard also allows an equivalent method to 
be used to determine NO2 ambient concentrations ( Section 70200). See the Technical 
Support Document for more details. The ARB staff recommends that the current 
chemiluminescence method continue to be designated as the approved method in 
California for determining compliance with California's Ambient Air Quality Standard for 
NO2. Staff also recommends that all federally approved chemiluminescence methods be 



designated as "California Approved Samplers" for NO2. This will result in no change in 
air monitoring practices, but will align state monitoring requirements with federal 
requirements. To accomplish this, staff recommends modification of Title 17, California 
Code of Regulations Section 70100.1 to read in part: "NO2 Monitoring Methods. The 
method for determining compliance with the NO2 ambient air quality standard shall be 
the chemiluminescence Federal Reference Method for the determination of NO2 in the 
atmosphere (40 CFR, Part 50, Appendix F). California Approved Samplers for NO2 are 
set forth in the Air Monitoring Quality Assurance Manual, Volume IV, Part D: Monitoring 
Methods for N02." 

Accuracy and precision of the NO2 concentrations are reflected in the field audit data. 
(ARB 2004, 2006). Accuracy is represented as an average percent difference of 
measurements of a NlST standard introduced through the probe used for NO2 
sampling. The average percent difference is the combined differences from the certified 
value of all the individual audit points. For 2002, 2003, 2004, and 2005, the percent 
differences were: 1.1, 0.9, -0.7, and -2.1, respectively. These are operating within the 
ARB'S control limits (+I-15%) (ARB 2004, 2006). The standard deviation (statistical 
variability) of these measurements reflect the precision of the method. For 2002, 2003, 
2004, and 2005 the standard deviation of the method as evaluated by audit was 5, 5.3, 
4.5, and 4.5 percent, respectively (ARB 2004,2006). 

As with monitoring for other criteria pollutants, the federal reference method requires 
that monitors be located away from major sources such as power plants and highways, 
in order to record general population exposures. 

2.2 Physical and Chemical Properties of NOz 

Although NO2 measured in the atmosphere can be directly emitted from combustion 
sources, much of the NO2 is formed indirectly from emissions of NO that are 
subsequently converted photochemically to N02. In sunlight, NO2 is a precursor in the 
formation of several other air pollutants, such as ozone (0$, nitric acid (HN03). and 
nitrate (NO<)-containing particles. NO2 levels in air vary with direct emission levels, and 
with changing conditions (e.g., sunlight) that shift its relationship with other reactive 
airborne nitrogen oxides in a complex chemical linkage. Not only is NO2 an important 
precursor of anthropogenic 03, it is also the key agent in the formation of several 
airborne toxic substances. These include HN03, fine particles, peroxyacetyl nitrate, 
nitrosamines, and nitro-polycyclic aromatic hydrocarbons (nitro-PAHs). 

2.3 Sources and Emissions of  Nitrogen Oxides 

2.3.1 Sources 

NO2 is both directly emitted and a by-product of atmospheric photochemical reactions of 
other NOx species. Since emissions of NO are generally higher than directly emitted 
levels of N02, most emissions are primarily measured as NOx. Mobile sources 
(including cars, trucks, and off-road mobile equipment) made up about 81% of the total 
statewide NOx emissions in 2004. About 51% of the total NOx emissions were from on- 
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